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Abstract

A 7~10% aqueous phosphate solution comprised of 85% sodium tripolyphosphate and 15%

sodium hexametaphosphate was injected into tuna flesh prior to precock until the fish weight

increased approximately 4~10%. The experiments were conducted at a commercial tuna processing
plant using Yellowfin tuna (Thunnus albacares) of 45~68kg and 7.3~10.5kg sizes, and Skipjack
tuna (Euthynnus pelamis) of 4.5~5.0kg size. The experimental results showed that the phosphate

treatment resulted in:

1. Approximately 5~8% increase in yield and somewhat more moist meat with the large Yellowfin.

2
3
4. Minimal improvement in color and flavor.

2. Approximately 3~8% increase in yield with the smaller Yellowfin.

. Approximately 1~49% increase in yield with the Skipjack.

Introduction

Much information has been compiled concerning the
application of phosphate to seafood to improve moist-
ure retention and texture of the processed meat. Love
and Abel® reported on the effect of the polyphosphate
in reducing drip loss and preventing dehydration of
the fish muscle. Akiba and co-workers® reported that
mixtures of approximately 5% of sugars and alkaline
phosphates at approximately 5% of the fish meat were

effective in maintaining high-quality frozen, raw, grou-

nd muscle. Meyer® reported that adding a polymeric
phosphate to the brine in which herrings were prese-
rved greatly improved the color of the fish. Mahon?
patented the use of dips containing polyphosphates and
salt to prevent drip-loss upon thawing and to reduce
loss of yield upon cooking frozen fish filets. He claimed
the treatment of fish with a combination of 12%
sodium tripolyphosphate and 4% salt inhibited devel-
opment of rancidity in the fish and, therefore, impro
ved flaver and odor. However, Dyer and co-workers®
demonstrated no effect on lipid hydrolysis due to dipp-
ing fish filets in a sodium tripolyphosphate solution
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prior to freezing with subsequent thawing. Swartz®
reported that pumping a solution of molecularly deh-
ydrated phosphate into tuna flesh prior to cooking
improves yield, flavor and texture of the meat. How-
ever, the yield data reported were based on the meat
cooked in an autoclave to internal temperatures of 75
to 88°C. and consequently may not be directly applic-
able to canned tuna. Since at present a large portion
of tuna harvested is canned, we attempted in this
investigation to determine the effect of phosphate

treatment on the yield and quality of canned tuna.

Experiment

1. Preparation of Samples

The following three samples were prepared at a co-
mmercial tuna processing plant from Yellowfn tuna
(Thunnus albacares) of 45~68kg size, from Yellowfin
of 7.3~10.5kg size and from Skipjack tuna(Euthynnus
pelamis) of 4.5~5.0kg size:

2. Canned tuna prepared from the fish injected with
:a 7~10% aqueous phosphate solution comprised of 85
‘9% sodium tripolyphosphate and 15% sodium hexame-
taphosphate with and without sodium chloride added.

b. Canned tuna prepared from the fish injected with
fresh water.

c. Canned tuna prepared in the same manner as for
the regular plant pack from the fish which received
no additional treatment.

A. Yellowfin of 45~68kg size(Sample Code X/A~
X/n

Ten thawed Yellowfin of approximately 45~68kg size
were eviscerated and rinsed with fresh water. Each
fish was coded as A,B,C,... I and J; then each fish
was cut longitudinally into two similar portions which
were assigned subcodes 1 and 2. Each piece was
weighed and treated as follows:

1. The flesh of all of the fish bearing subcode 1,
namely: Al, Bl, Cl,...]l and ]I, was injected at 1.4kg/
«cm? pressure with an aqueous solution containing 10%
-of the phosphate mixture and 10%
using 4 stainless needles (Presto Model SNA 15.3cm
in length, 0.48cm in outside diameter with 16 cross
drilled holes) attached to a pumping unit(Presto Model
:55-35-1/3T) manufactured by Presto Precision Produ-

sodium chloride
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cts, Inc., Franklin Square, L.I., N.Y.; and each piece
of the fish was weighed.

2. The fish coded as A2, B2, C2, D2 and E2 were
injected with fresh water in the same manner as for
injection of the phosphate solution, and each piece of
the injected fish was weighed.

3. The fish coded as F2, G2, H2, 12 and J2 recei-
ved no additional treatment.

All of the fish were precooked in 2 steam chamber
at 103°C. until the center temperature reached appro
ximately 55°C. The precooked fish were cooled overn-
ight at the ambient temperature and each piece was
weighed individually; then the fish were cleaned on
the table in the usual manner and the cleaned meats
including loins, blood meat and grated meat from
each piece were weighed separately. The cleaned loins
from each piece of the fish were chunked; filled into
307x113(8.731cm in diameter X4.604 cm in height)
tuna cans; salt, vegetable broth and soy oil were
added; and steam-flow closed using the lids marked as
X/Al, X/A2,... X/Bl, X/B2, X/J1 and X/J2, respe-
ctively. Fill weight was about 187 g per can consisting
of approximately 142 g of chunked loins, 35g of soy
oil, 10g of vegetable broth and 0~1.12g of salt to
attain 1.0~1.5% level of salt in the finished product.
The closed cans were retorted 80 minutes at 117°C.

B. Yellowfin of 10~10. 5kg size (Sampie code X/
Lot 1-X/Lot 3)

Twenty-four thawed Yellowfin of approximately 10
~10.5kg size were eviscerated and divided into three
lots, each lot consisting of 8 fish, and coded as Lots
1,2 and 3. Each lot of fish was weighed and treated
as follows:

1. The flesh of Lot 1 fish was injected at 1.4 kg/cm?
pressure with an aqueous solution containing 10% of
the phosphate mixture and 10% sodium chloride usi-
ng the stitch pumping apparatus previously described
and weighed.

2. Lot 2 fish were injected with fresh water in the
same manner as for injection of the phosphate solut-
jon and weighed.

3. Lot 3 fish received no additional treatment.

All of the three lots of fish were precooked and
cooled in the same manner as for those of the large

Yellowfin. Each lot of the precooked fish was weighed
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:and cleaned on the table. The cleaned meats including
Toins, blood meat and grated meat from each lot were
weighed separately. Each lot of the cleaned loins was
<chunked; flled into 307X 113 tuna cans; salt,vegetable
broth and soy oil were added; and steam-flow closed
using the lids marked as X/Lot 1,X/Lot 2 and X/Lot
3. respectively. The fill weight and process used for
these samples were identical with those of X/A thru
X/J samples.

C. Yellowfin of 7. 3~8.2kg Size(Sample ccde X/

* Lot 4-X/Lot 6)

Duplicate samples of X/Lot 1, X/Lot 2 and X/Lot
3 were prepared from 33 Yellowfin of approximately
7.3~8. 2kg size. The fish were eviscerated and divided
into three lots; each lot consisting of 11 fish coded as
Lots 4,5 and 6. Each lot of fish was weighed and
treated as follows:

1. The flesh of Lot 4 fish was injected at 1.4kg/
cm? pressure with an aqueous solution containing 109
of the phosphate mixture and 10% sodium chloride
using the stitch pumping apparatus and weighed.

2. Lot 5 fish were injected with fresh water in the
same manner as for injection of the phosphate solut-
fon and weighed.

3. Lot 6 fish received ro additional treatment.

All of the three lots of fish were preccoked, cooled,
weighed and cleaned in same manner as for those of
Lot 1~Lot 3 fish. The clean meats including loins,
‘blood meat and grated meat from each lot were weig-
hed separately. Canned samples of X/Lot 4, X/Lot 5
and X/Lot 6 were prepared from Lots 4,5 and 6 fish,
respectively, in the same manner as for preparation
of X/Lot 1-X/Lot 3 samples.

D. Skipjack of 4.5~5.0kg size (Sample Code
M/Lot 7-M/Lot 9)

Forty-five thawed Skipjack of approximately 4.5~
5. 0kg size were eviscerated and divided into three
Tots, each lot consisting of 15 fish; and coded as Lot
7,8 and 9. Each lot of fish was weighed and treated
as follows:

1. The flesh of Lot 7 fish was injected at 1.4kg/
cm? pressure with an aqueous solution containing 7%
of the phosphate mixture using the stitch pumping
apparatus and the treated fish were weighed.

2. Lot 8 fish were injected with fresh water in the
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same manner as for injection of the phosphate solutio-
n and weighed.

3. Lot 9 fish received no additional treatment.

All of the three lots of fish were precooked, cooled,
weighed, and cleaned in the same manner as for those
of Lot 1-Lot 6 fish. The clean meats including loins,
blood meat and grated meat from each lot were weig-
hed separately. Canned samples of M/Lot 7, M/Lot 8
and M/Lot 9 were prepared from Lots 7,8 and 9 fish,
respectively, in the same manner as for preparation
of X/Lot 1-X/Lot 6 samples.

II. Examination of Sample
A. Weights of Pressed Cakes

The pressed cake weight was determined by placing
the drained content of a can of tuna in a steel cylin-
der, inserting a plunger,and slowly exerting increasing
pressure upon the tuna meat, following the procedure
described under Section 37.3 of U.S.A. Code of Fed-
eral Regulations Title 21. By increasing the pressure
to 27 kg/cm? of the plunger face, free liquid was
pressed out, and the pressed cake remaining in the
cyvlinder was recovered and weighed.

The pressed cake weights of the samples XX/A thru
X/J were determined using 12 cans each of the samples,
the ret weights of which were in the range of 184~
192 g. The pressed cake weights of the samples X/Lot
1 thru X/Lot 6 and M/Lot7 thru M/Lot 9 were dete-
rmined using 24 cans each of the samples, the net
weights of which were in the range of 184~194g.

B. Analyses for pH, Phosphorus and Moisture
Contents

Phosphorus content and pH of the samples were
determined by analyzing 1 can each of the samples
X/A thru X/J and 3 cans each of the samples X/Lot
1 thru X/Lot 6 and M/Lot 7 thru M/Lot 9. Moisture
contents of the pressed cakes were determined by

analyzing two pressed cakes each of the samples X/A

thru X/J and six pressed cakes each of the samples
X/Lot 1 thru X/Lot 6 and M/Lot 7 thru M/Lot 9.
C. Organoleptic Evaluation

The samples were divided into the following 13 sets
and each set of the samples was evaluated by a panel
of 40 judges.

1. Phosphate treated vs. Water treated (5 sets)
X/Al vs. X/A2; X/B1 vs. X/B2; X/C1 vs. X/C2; X/
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D1 vs. X/D2; and X/E1 vs. X/E2.

2. Phosphate treated vs, Untreated(5 sets) X/Flvs.
X/F2; X/G1 vs. X/G2; X/H1 vs. X/H2; X/I1 vs. X/
12; and X/J1 vs. X/J2.

3. Phosphate treated vs. Water treated vs. Untrea-
ted (2 sets) X/Lot 1 vs.X/Lot 2 vs. X/Lot 3 and X/
Lot 4 vs. X/Lot 5 vs. X/Lot 6.

4. Phosphate treated vs. Water treated vs. Untrea-
ted (1 set) M/Lot 7 vs. M/Lot8 vs. M/Lot9.

In each evaluation, the judges were asked to rate
the color, flavor and texture of each sample on a five
step scale from “excellent” to “poor”. The judges
were also asked to indicate which sample was lighter

and which sample they preferred for each dimension

of texture, flavor and color.

Results

I. Yellowfin of 45~68 kg Size

The weights of individual pieces of the two groups
of fish (one for phosphate treated vs. water treated
and the other for phosphate treated vs. untreated) at
different stages of the process, namely: eviscerated,
phosphate or water treated, precooked and cleaned,
are presented in Tables 1 and 4, respectively. The
net weight and pressed cake weight averages of 12
cans, together with pressed cake weight adjusted to
187 g net weight, pH, phosphorus contents, moisture
contents of pressed cakes, theoretical yield based on
loin recovery and tuna fill weight, and relative yield
based on moisture contents of pressed cakes of the
two groups of samples (one for phosphate treated vs.
water treated and the other for phosphate treated vs.
untreated) are presented in Tables 2 and 5, respectiv-
ely. The results of the panel evaluation of the two
groups of samples, one for phosphate treated vs.
water treated and the other for phosphate treated vs.
untreated, are presented in Tables 3 and 6, respecti-
vely.

A. Phosphate treated vs. Water treated

Average of the test results on the five pairs of fish,
X/Al vs. X/A2 thru X/E1 vs. X/E2, showed that:

1. The clean loins recovered (approximately 90%
of the entire clean meats) were 45.2% and 42.1% of
the eviscerated fish weight for phosphate treated and
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water treated, respectively; while the entire meats
recovered were 48.7% and 48.1% of the eviscerated
fish weight for phosphate treated and water treated,.
respectively, as shown in Table 1.

2. As shown in Table 2, the pressed cake weights.
adjusted to 187 g net weight from the pressed cake-
weight averages of 60 cans were 114.8 g for phosphate-
treated and 115. 1g for water treated. Tuna £ll weights.
required to obtain 113.4 g pressed cake weight, calcul-
ated on the basis of the pressed cake weights and fill.
weight of 35 g oil and 10 g vegetable broth,were 139.8g:
for phosphate treated and 139.4 g for water treated.
Theoretical yield calculated from the loin recovery
and tuna fill weight showed 7% higher yield for phos-
phate treated over water treated. However,the relative
vield calculated on the basis of moisture contents of
the samples pressed, 61.09% for phosphate treated and
60.29% for water treated, showed 2.0% higher vyield
for phosphate treated over water treated.

Phosphorus contents and pH of the samples were
0.79% (P;0s) and 5.95 for phosphate treated and 0. 40
% (Py0s) and 5.86 for water treated, respectively.

3. The results of the panel evaluation of the samples.
presented in Table 3 showed that:

a. There was no difference in lightness, but a trend
toward preferring the color of the water treated to.
that of the phosphate treated.

b. There was a trend toward preferring the texture:
and flavor of the phosphate treated to those of the:
water treated.

B. Phosphate treated vs. Untreated

Average of the test results on the five pairs of fish,.
X/F1 vs. X/2 thru X/J1 vs. X/J2, showed that:

1. The clean loins recovered (approximately 90%.
of the entire clean meats) were 51.3% and 46.5% of
the eviscerated fish weight for phosphate treated and:
untreated, respectively; while the entire meats recove-
red were 56.8% and 51.4% of the eviscerated fish
weight for phosphate treated and untreated, respectiv-
ely, as shown in Table 4.

2. As shown in Table 5, the pressed cake weights:
adjusted to 187 g net weight from the pressed cake
weight averages of 60 cans were 113.9 g for phosphate-
treated and 113.3 g for untreated. Tuna fill weights.

required to obtain 113.4 g pressed cake weight were:
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141g for phosphate treated and 142 g for untreated.

Theoretical yield calculated from the loin recovery

and tuna fill weight showed 11% higher yield for ph-

osphate treated over untreated. However, the relative
vield calculated on the basis of moisture contents of
the samples pressed, 59.6% for the phosphate treated

57.5% for untreated showed 5.3% higher yield for

phosphate treated over untreated.

Phosphorus contents and pH of the samples were
0.89% (P:0s) and 6. 03 for phosphate treated and 0. 46
% (P;0s) and 5.84 for untreated, respectively.

3. The results of the panel evaluation of the sam-
ples presented in Table 6 showed that:

a. Phosphate treated was significantly lighter than
untreated but there was no preference in color of
the samples.

b. There was a trend toward preferring the texture
and flavor of the phosphate treated to those of the
untreated.

II. Yellowfin of 10~10.5kg and 7.3~8.2kg
Sizes and Skipjack of 4.5~5.0kg Size

The weights of individual lots of the six lots of
Yellowfin (Lot 1 thru Lot 6) and three lots of Skip-
jack (Lot 7 thru Lot 9) at different stages of the
process, namely: eviscerated, phosphate or water
treated, precooked and cleaned,are presented in Table
7. The net weight and pressed cake weight averages
of 24 cans, together with pressed cake weight adjusted
to 187 g net weight, pH, phosphorus contents, moisture
contents of pressed cakes, theoretical yield based on
loin recovery and tuna fill weight, and relative yield
based on moisture contents of pressed cakes are pres-
ented in Table 8. The results of the panel evaluation
of the samples are presented in Table 9.

A. Yellowfin(Phosphate treated vs. Water treated
vs. Untreated)

Averages of the test results of the two runs, X/Lots
1 and 4 vs. X/Lots 2 and 5 vs. X/Lots 3 and6, sho-
wed that:

1. The clean loins recovered (approximately 88% of
the entire clean meats) were 43.7%,40.1% and 38.4
% of the eviscerated fish weight for phosphate treat-
while
the recoveries of the entire meats were 49.8%, 45.2

% and 43.8% of the eviscerated fish weight for phos-

ed, water treated and untreated, respectively;

Effect of Phosphate Treatment on Yield and Quality of Canned Tuna (57)

phate treated, water treated, and untreated, respecti-
vely, as shown in Table 7. The difference in loin
recovery between Lot 1 and Lot 3, phosphate treated
and untreated with Yellowfin of 10~10,5kg size was-
7.3%, while the difference between Lot 4 and Lot.
6, phosphate treated and untreated with Yellowfin of
7.3~8.2kg size was 3.6%.

2. As shown in Table 8, the pressed cake weights.
adjusted to 187 g net weight from the pressed cake-
weight averages of 48 cans were 108.4 g for both the
phosphate treated and water treated and 107.9g for
untreated. Theoretical yield calculated from the loin
recovery and tuna fill weight showed 149 and 5%
higher yields for phosphate treated and water treated,
respectively, over untreated. However, the relative
vield calculated on the basis of moisture centents of
62.8% and 61.5% for
phosphate treated, water treated and untreated, resp-
ectively showed 3.7% and 3.5% higher

phosphate treated and water treated, respectively,

the samples pressed, 62.9%,

yields for

over untreated.
Phosphorus contents and pH of the samples were
0.81% (P;0s) and 5.99 for phosphate treated, 0.49%
(P;0s) and 5.98 for water treated, and 0. 50% (P;0s)
and 5.89 for untreated, respectively.
3. Results of the panel evaluation of the samples
there

presented in Table 9 showed that were no

significant differences in lightness, texture ard flaver

between the samples of phosphate treated, water

treated and untreated, although there was a slight
trend toward preferring the color of the water treated.
B. Skipjack (Phosphate treated vs. Water treated

vs. Untreated)

The results of the test on three lots of Skipjack,
M/Lot 7 vs. M/Lot 8 vs. M/Lot 9, showed that:

1. The clean loins recovered (approximately 80~86
% of the entire clean meats) were 38.7%, 33.6% and
35.3% of the eviscerated fish weight for phosphated,
water treated and untreated, respectively; while reco-
veries of the entire meats were 45.99%, 41.9% and
41.2% of the eviscerated fish weight for phosphate
treated, water treated and untreated, respectively, as
shown in Table 7.

2. As shown in Table 8, the pressed cake weights
adjusted to 187g net weight from the pressed cake
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weight averages of 24 cans were 118 g, 122.9¢g and
118.4 g for phosphate treated, water treated and unt-
reated, respectively. Theoretical yield calculated from
the loin recovery and tuna fill weight showed that
yield for phosphate treated was 7% higher than
untreated, while yield for water treated was 1% lower
than untreated. However, the relative yield calculated
on the basis of moisture contents of the samples pressed,
63.5%, 63.8% and 62.9% for
water treated and untreated, respectively, showed 1.6
% and’ 2.5% higher yield for phosphate treated and

water treated, respectively, over untereated.

phosphate treated,

Phosphorus contents and pH of the samples were
0.67% (P:0s) and 5.86 for phosphate treated, 0.47%
(Py05) and 5.80 for water treated, and 0.48% (P;0s)
and 5.83 for untreated.

3. Results of the panel evaluation of the samples
presented in Table 9 showed that phosphate treated
sample was lightest and water treated sample was
darkest, while there were no significant preferences in

«color, texture and flavor of the samples.
Discussion

The test results showed that phosphate treatment
raised the pH value of tuna meat, improved moisture
retention of the processed meat, and somewhat light-
ened color of the meat. The effect of phosphate trea-
tment on retention of the meat moisture was shown
both in recovery of the clean meats and in moisture
contents of the pressed cakes, particularly in the
results of the test on large Yellowfin where the inter-
fering variables were minimized. The color lightening
eftect of phosphate treatment might have been partly
due to washing out of blood from the flesh during
injection of the solution into tuna.

Averages of the pressed cake weights of 12~24
«<ans presented in Tables 2,5 and 8 showed that:

(1) There was no significant difference in pressed
cake weight between the samples of phosphate treated,
water treated and untreated prepared from Yellowfin.

(2) There was only a slight difference in pressed
<ake weight between the samples of phosphate treated,
water treated and untreated prepared from Skipjack.

The pressed cake weight comparison showing no

Chung-Hyun Son and C.F. Niven, Jr
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significant difference between the samples of phosphate
treated and untreated seems to indicate that phosphate
treatment does not require adjustment of tuna Afll
weight. However, the loin recovery data presented
in Tables 1, 4 and 7 and the moisture contents of
pressed cakes presented in Tables 2, 5 and 8 showed
that only a portion of the additional moisture retained
in the cleaned loins of phosphate treated fish remained
in the cakes. This seems to indicate that tuna fill
weight should be increased to meet the pressed cake
weight requirement when the fish is treated with
phosphate. The discrepancy between the two calculat-
ions of theoretical yield,one based on the loin recovery
and tuna fill weight and the other on moisture cont-
ents of the pressed cakes, is probably due to the
following factors:

1. Moisture content of meat is not the only factor
determining pressed cake weight. Pressed cake weights
of the samples of similar net weights ranging 184~
194g fluctuated in the range of 93~140.9¢g. Pressed
cake weights of the samples of similar net weights
ranging 184~192 g prepared from the same fish also
fluctuated in the ragne of* 106.9~134.1 g. This indic-
ates that pressed cake weight is affected not only by
to a certain

moisture content of the meat, but also

extent by physical condition, such as shape, size
and number of pieces constituting the chunks.

2. Variation of tuna fill weight: Tuna meat was
filled by volume and consequently, the fill weight vari-
ed somewhat.

3. Moisture contents of the pressed cakes varied
depending upon not only the treatment, but also the
characteristics, such as species and size of the fish
from which the samples were prepared.

Considering the magnitude of the aforementioned
interfering variables, the number of samples we analy-
zed was too small to determine the representative
averages of weights and moisture contents of pressed
cakes applicable to calculation of the exact tuna fill
weight. However, the results of analysis for moisture
contents of the pressed samples showing higher mois-
ture contents for phosphate treated over untreated
for all sizes and species of tuna clearly indicate that
yield. The

results of the panel evaluation showing a trend toward

phosphate treatment resulted in higher
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preference for texture of the phosphate treated sam-
ples over that of the water treated and untreated
samples also suggest that the former was more moist
than the latter. From the foregoing discussion, it app-
-ears that the theoretical yield of phosphate treated
tuna calculated on the basis of:

(1) The loin recovery and the calculated tuna fill
weight based on the pressed cake weight averages of
12~24 cans is probably too high, since the release
from the meat during processing and pressing of some
«of the additional moisture retained in the loins of the
phosphate treated fish should appear on pressed cake
weight average when a larger number of cans is exa-
mined.

(2) Moisture contents of the pressed cakes is proba-
bly a little too low, since no consideration is given
dn this caleulation to the effect of physical conditions,
such as size and shape of pieces of meat chunks on
pressed cake weight.

With the limited data obtained from the test, it is
reasonable to assume that an average of the above
two theoretical yields is probably a better guide for
evaluating the effect of phosphate treatment on yield
of chunk style canned tuna.

It should be noted that the effect of phosphate tre-
atment on yield,texture and color of the canned meat
‘was more prominent in the samples prepared from the
large Yellowfin and somewhat obscure in the samples
prepared from the small fish. It is also interesting to
note that injection of water into the large Yellowfin
while the

effect of water injection into the small fish was negli-

resulted in about 3% increase in yield,

gible. The moisture contents of pressed cakes of the
samples prepared from the large Yellowfin were lowest
(average 57.5% for untreated and 59.6% for phosph-
ate treated) and those of the samples prepared from
Skipjack were highest (average 62.9% for untreated
and 63.5% for phosphate treated), while the increase
in moisture contents of the pressed cakes resulting
from the phosphate treatment was largest in the sam
ples prepared from the large Yellowfin(average 2.1%)
and smallest in the samples prepared from Skipjack
(average 0.6%). This indicates that the increase in
yield and improvement in texture of meat through the

phosphate and salt treatment was primarily the result
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of increased hydration of meat, and that the small
fish we used for the test had initial moisture and salt
contents so high that the phosphate treatment did not
increase hydration of the meat of such fish as much
as that of the large Yellowfin.

The following may be concluded from the test resu-
Its.

1. Approximately 5~8% increase in yield, some
improvement in meat texture and a little lightening
of meat color of chunk style canned tuna may be
expected from injection of an aqueous solution conta-
ining 10% sodium chloride 10% phosphate comprised
of 85% sodium tripolyphate and 15% sodium hexam-
etaphosphate into the flesh of large Yellowfin of 45~
68 kg size prior to precook until the fish weight incre-
ases 7~12%.

2. Approximately 3~8% increase in yield of chunk
style canned tuna may be expected from injection of
an aqueous solution containing 10% sodium chloride
and 10% phosphate comprised of 85% sodium tripoly-
phosphate and 15% sodium hexametaphosphate into
the flesh of Yellowfin of 7.3~10.5kg size prior to
precook until the fish weight increases 7~12%.

3. Approximately 1~49% increase in yield of chunk
style canned tuna may be expected from injection of
an aqueous solution containing 7% phosphate compr-
ised of 85% sodium tripolyphosphate and 15% sodium
hexametaphosphate into the flesh of Skipjack of 4.5
~5.0kg size until the fish weight increases 3~4%.

[=] (o]
p=A =

85% } E & tripolyphosphatest 15% 1 E & hexamet-
aphosphate zA % 7~10% AATLH L vlg z&
7] Aol oA FAF F 4~10% FoHE wAA
ttgol § 2o FUsHUt. o] 4P L 45~68kgH 7.3~
0.5kg 22719 ol (Thunnus albacares)$t 4.5~
5.0kg 2719 7}l o] (Buthynnus pelamis) 5 o] &5t
Adtee dge] sHFFAAA A2 sHed o] K&k
o A VEhvhe SEEEREE Ade o33 2skh
1. & #gddole 80 ¢ 5~8% S/ L b=
F ko] Eokoh.

2. zaut godgels F80] o 3~8% F7tA .
3.
4.

2=
-

kol & Fgol 1~4% 275t

BAED A% ge FH 2T FohAe
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